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Insulation for cryogenic materials comprising sheets of 
light weight plastic foam. A positive airtight seal covers 
the foam to ensure the basic conductivity will not be de- 
graded by any fluid that is cryopumped into the'insulation. 
The invention described herein may be manufactured 
and used by or for the Government of the United States 
of America for governmental purposes without the pay- 
ment of any royalties thereon or therefor. 
This invention is directed to lightweight, low-thermal- 
conductivity insulation and is concerned with insulating 
cryogenic materials, such as liquid rocket propellants. The 
invention is particularly useful for insulating liquid hydro- 
gen fueled rocket booster tanks. 
Because of its high theoretical performance liquid hy- 
drogen is a desirable propellant for chemical and nuclear 
rockets. However, this propellant has a very low boiling 
temperature, -423" F., as well as a very low density 
which results in a high tank surface area per unit weight 
of propellant, and this combination is the cause of high 
boil-off losses in hydrogen storage tanks. Hydrogen boil- 
off is normally vented overboard, but during the early 
phases of a boost trajectory within the atmosphere and at 
relatively low velocities it is hazardous to vent the highly 
combustible hydrogen. Therefore, sufficient insulation 
must be provided for the hydrogen storage tanks to pre- 
vent excessive pressure increases when tank vent valves are 
closed. 
It has been proposed that rigid plastic foams be utilized 
to insulate liquid hydrogen storage tanks. While this low 
density material has high thermal resistance, a major prac- 
tical problem arises in applying such a material to the 
tank walls in a manner that will achieve a reliable and 
predictable system. Insulation attachment methods and the 
techniques used to prevent condensation of gases in the 
material reduce the overall thermal effectiveness of an in- 
sulation system as compared to the basic insulation mate- 
rial. When the foam is placed on the inside surface of the 
tank wall, a seal must be provided to prevent entry of the 
liquid hydrogen into the insulation and the resulting degra- 
dation of the insulating effectiveness. It is also necessary 
that internal foam insulation be able to withstand the com- 
pressive load imposed on it by tank pressurization, and 
difficult attachment problems are encountered. In some 
cases the rigid foam is secured to the external surface of 
the tank, and a noncondensable purge gas, such as helium, 
is used to provide a barrier between the tank and the insu- 
lation which prevents cryopumping of condensable gases 
into and behind the insdlation. Purging adds complica- 
tions at launch because of the requirement of supplying 
helium during ground hold, disconnecting the supply at 
launch, and providing adequate venting of the purge chan- 
nel during the launch trajectory. 
The problems encountered with internally insulated 
tanks and purged externally insulated tanks have been 
solved by the insulation system of the present invention 
which utilizes a low density foam as the primary insula- 
tion medium. This foam insulation is covered with a posi- 
tive seal t o  make ceptain the basic conductivity of the foam 
will not be degraded by any gas or liquid cryopumping 
into the foam. With such a seal, trapped gases within the 
insulation are cryopumped to the cold boundary of the 
foam thereby causing material to be evacuated. This 
5 sealed external insulation is attached to the tank by bond- 
ing in conjunction with an external constrictive wrap of a 
lightweight, high strength material, and protection of the 
insulation from erosion by the high temperature wind- 
stream during launch is provided by a layer of glass cloth 
lo interposed between the foam and the constrictive wrap. 
It is, therefore, an object of the present invention to 
provide a cryogenic storage tank with a sealed external 
insulation system which is self-contained as well as light 
in weight and which can be used with a minimum of com- 
Another object of the invention is to provide a predict- 
able insulation system having improved reliability which 
need not be jettisoned thereby eliminating a critical se- 
quence in the launch operation of a liquid hydrogen fueled 
A further object of the invention is to provide an im- 
proved lightweight insulation system for liquid hydrogen 
fueled rocket booster tanks which prevents excessive boil- 
off losses of this propellant during ground standby of the 
25 rocket and during boost of the rocket through the atmos- 
phere. 
These and other objects of the invention will be appar- 
ent from the specification which follows and from the 
drawings wherein like numerals are used throughout to 
15 plications. 
20 rocket. 
30 identify like parts. 
In the drawings: 
FIG. 1 is an elevation view of a typical rocket vehicle 
with a liquid propellant storage tank having an insulation 
system constructed in accordance with the present inven- 
FIG. 2 is an enlarged sectional view of a portion of the 
wall of the liquid propellant storage tank showing the con- 
struction of the insulation system and the manner in which 
it is attached to the tank; and 
FIG. 3 is an enlarged sectional view of the positive seal 
which covers the primary insulating medium. 
Referring now to the drawings, there is shown in FIG. 1 
a rocket vehicle having booster engines 12 and 14 which 
utilize a cryogenic propellant, such as liquid hydrogen, 
4.5 that is stored in a tank 16 having a wall 17 as illustrated 
in FIG. 2. The liquid hydrogen is transferred from the 
tank 16 to the engines 2 and 14 through propellant sup- 
ply lines 18 and 20, respectively. Another propellant, such 
as liquid oxygen, is likewise conducted to the engines 
35 tion; 
*O 
' O  and 14 through supply lines 22 and 24, respectively. 
A lightweight insulation system constructed in accord- 
ance with the present invention is mounted on the outer 
surface of the tank wall 17 as shown in FIG. 2. This ia- 
55 sulation system includes a plurality of rigid panels 30 
arranged about the tank 16 as shown in FIG. 1, and each 
panel 30 is fabricated from a Freon blown polyurethane 
foam having a low density of two pounds per cubic foot. 
This foam, which constitutes the primary insulation mate- 
60 rial, has a closed cell structure and a low thermal con- 
ductivity, particularly at the cold mean temperatures of 
liquid hydrogen storage tanks. By way of example, panels 
30 having a thickness of 0.4 inch have a thermal conduc- 
tivity in the range between 0.10 and 01.13 (B.t.u.) (in.)/ '' hr.) (sq. ft.) ("  R.) under ground hold conditions which 
results in a mean temperature of about 250" R. 
An important feature of the invention is the provision 
of a film 32 on the inwardly directed surface of each 
30 adjacent to the tank wall 17 and a similar film 
the opposite outside surface. The films 32 and 34 are 
bonded to both surfaces of the panel 30 with a thin coat 
3,392,864 
of polyester adhesive to form a hermetic seal which pre- means formine an airtight seal adiacent the surfaces 
vents cryopumping of liquids and gases into the foam. 
The film 34 is a three ply laminate as shown in FIG. 
3, and the film 32 is of the same construction. The lam- 
inate consists of aluminum foil 36 between layers 38 and 
40 of polyester plastic, such as Mylar. The aluminum foil 
36, having no measurable permeability, acts as the prin- 
cipal vapor barrier. The tough Mylar layers 38 and 40 
supply strength to the laminate and prevent damage to 
the foil 36 during fabrication and installation of the panels 
6. Even though the films 32 and 34 are 
order of 0.0015 inch, they add consid- 
erable rigidity to the panels 30 which enables the foam 
to be formed into moderate contours without heat form- 
ing. By way of example, a film of aluminum foil 36 having 
a thickness of 0.001 inch with layers of polyester plastic 
38 and 40, each having a thickness of 0.00075 inch bonded 
to the opposite surfaces has proved to be highly satis- 
factory. 
After the sealing films 32 and 34 have been secured to 
the surface of the foam panel 30, the edges of the panels 
30 are covered by channels 44 of polyester film. The re- 
sulting insulating structure is secured to the outer surface 
of the tank wall 17 by a suitable sealing compound 42. 
A layer of foam 46 is interposed between the channels 4 
of adjacent panels, and a film 48 in the form of tape hav- 
ing a construction the same as films 32 and 34 is used to 
seal the resulting joint by covering the channels 44 and 
the exposed edges of the foam layer 46 as shown in 
FIG. 2. 
After the insulating panels have been bonded to the 
outer surface of the wall of the tank 16, a thin layer of 
glass cloth 50 having a light weight, such as 0.01 p.s.f., 
is applied over the panels 38 to provide protection from 
and heating. The panels 30 and pro- 
are held securely to the tank wall 17 
by a constrictive wrap 92 of fiberglass roving or nylon 
strands having a sufficient prestress to maintain a com- 
pressive load on the panels 30 under all conditions en- 
countered during ground standby and launch. The com- 
pressive load produced by the constrictive wrap replaces 
any structural reinforcement that the foam panels 30 
would need to withstand aerodynamic forces if not sup- 
ported in this manner, and the panels 38 add rigidity to  
the thin walled tank 16. 
The sealing compound 42 not only prevents air from 
cryopumping into any space that would exist between the 
panels 30 and the tank wall 17, but also holds the panels 
30 in place while the constrictive wrap 52 is wound around 
the tank 16. The constrictive wrap 52 is applied by a fila- 
ment winding machine which produces an open wrap pat- 
tern shown in FIG. 1 with a % inch wide diamond con- 
figuration. The number of wraps per linear inch is deter- 
mined by the initial compressive load required to prevent 
flutter or separation of the insulation because of aero- 
dynamic forces during launch. A pretensioning strain of 
0.84 percent on the fiberglass roving in the constrictive 
wrap 52 which produces a two pounds per square inch 
compressive load has been sufficient to accommodate the 
shrinkage of stainless steel tank walls as they are cooled 
to liquid hydrdgen temperature, allow for fiberglass ex- 
pansion during aerodynamic heating, and allow for any 
deformation of the foam by compression and heating. 
While a preferred embodiment of the invention has 
been disclosed and described, various modifications may 
be made to the insulation system without departing from 
the spirit of the invention or the scope of the subjoined 
claims. 
What is claimed is: 
1. A lightweight system for insulating a cryogenic ma- 
a plurality of substantially rigid panels of insulating 
material secured to the outer surface of the tank by 
a sealing compound which fills the space between 
the panels and the tank, and 
terial in a storage tank comprising 
of each of ;aid paneis to prevent cryopumping of 
fluids into said insulating material when the outer 
surface of the tank is cooled by the cryogenic ma- 
2. In combination with a tank for storing cryogenic 
panels of rigid foam secured to the outer surface of the 
tank by a sealing compound to prevent air from 
cryopumping into any space between the tank and 
the panels, and 
a gas impervious metal film for hermetically seal- 
ing the surfaces of each of said panels to prevent 
cryopumping of liquids and gases into the foam 
thereby insuring the lbasic conductively thereof will 
not be degraded when said panels are cooled by the 
cryogenic fluids. 
3. An insulation system as claimed in claim 2 wherein 
the film comprises a three-ply laminate consisting of a 
20 sing!e layer of foil having a polyester plastic secured to 
each surface thereof. 
4. In combination with a tank for storing cryogenic 
fluids, an insulation system comprising 
panels of rigid foam positioned about the outer surface 
a thin gas impervious film for hermetically sealing the 
surfaces of each of said panels to prevent cryopump- 
ing of liquids and gases into the foam thereby insur- 
ing the ,basic conductivity thereof will not be de- 
a layer of glass cloth in contact with the film on the 
outwardly facing surfaces of the panels for supply- 
ing protection from aerodynamic forces. 
5. An insulation system as claimed in claim 2 including 
35 a constrictive wrap of prestressed filaments encircling the 
tank for holding the panels against the outer surface 
thereof. 
6. In combination with a tank for storing cryogenic 
fluids, an insulation system comprising 
panels of rigid foam positioned about the outer surface 
of a tank, 
a thin gas impervious film for hermetically sealing the 
surfaces of each of said panels to prevent cryopump- 
ing of liquids and gases into the foam thereby insur- 
ing the basic conductivity thereof will not be de- 
a prestressed constrictive wrap comprising glass roving 
encircling the tank for holding the panels against 
the outer surface thereof. 
7. In combination with a tank for storing cryogenic 
panels of rigid foam positioned about the outer surface 
of a tank, 
a thin gas impervious film for hermetically sealing the 
surfaces of each of said panels to prevent cryopmp- 
ing of liquids and gases into the foam thereby in- 
suring the basic conductivity thereof will not be de- 
graded, and 
a prestressed constrictive wrap comprising nyIon strands 
encircling the tank for holding the panels against the 
6o outer surface thereof. 
5 terial. 
fluids, an insulation system comprising 
l 3  
25 of the tank, 
so graded, and 
40 
*’ graded, and 
50 fluids, an insulation system comprising 
55 
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